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ABSTRACT
Background and purpose: Many individuals with an incomplete spinal cord injury (SCI) have the potential to walk. The
effectiveness of using a treadmill for gait training for these patients has been substantiated in the literature. This case series
describes the effectiveness of incorporating gait training on a treadmill for two individuals with an incomplete SCI. Case
Description: The treatments of two males each with an incomplete paraplegia were described. Subject 1 was 40 years old and
was 14 months post injury at the time of the study. He had a T6 incomplete spinal cord injury classified as a D on the American
Spinal Injury Association (ASIA) Impairment Scale and neurological classification standards. Subject 2 was 48 years old and was
10 months post injury. He had a T8 incomplete spinal cord injury classified as ASIA C. Intervention: Both subjects participated
in gait training for a maximum of 10 minutes on a motorized treadmill without elevation at a comfortable walking speed three
days a week for four weeks as an adjunct to a conventional physiotherapy programme. Results: An increase in step length,
stride length, cadence, and comfortable walking speed were noted in both subjects. Both subjects improved their walking level as
measured by the Walking Index for Spinal Cord Injury (WISCI II) and functional independence as measured by Spinal Cord
Independent Measure (SCIM II). Conclusion: Gait training on a treadmill can improve gait parameters and functional
independence in patients with incomplete paraplegia. Further research is needed to improve the generalizability of these findings
and to identify which patients might benefit most from treadmill training.
INTRODUCTION
Ambulation is a prime concern for individuals who have sustained a spinal cord injury. Many individuals with an incomplete spinal
cord injury (SCI) have the potential to walk. The effectiveness of using a treadmill for gait training for individuals who have
sustained an incomplete SCI has been established over the last few years.1-3 It is theorized that the spinal cord has its own
locomotion pattern generators that can induce basic gait motion patterns when being provided with the necessary sensory input.
These pattern generators can be activated even if there is no voluntary control of motor segments such as in a complete cervical
lesion of the spinal cord.4,5
Wernig et al. demonstrated that in acute, incomplete SCI, treadmill training enabled patients who were dependent on a
wheelchair for mobility to become ambulatory compared to those who only received conventional methods of treatment alone.6
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However, Dobkin et al., while comparing the effectiveness of body weight-supported treadmill training (BWSTT) with a control
group who participated in gait training using an over-ground mobility programme with parallel bars or braces, found no significant
difference between the two training methods in patients with grade C or D on the American Spinal Injury Association (ASIA)
Impairment Scale.7 Further, both groups showed improvements. This study suggested that it is not the type of training used but
rather the targets and parameters that are set that are beneficial. This case series describes the incorporation of gait training on
a treadmill as a valuable training adjunct for ambulatory patients with incomplete SCI.
CASE DESCRIPTION
Two males with incomplete paraplegia received gait training on a treadmill as an adjunct to their conventional physiotherapy
programmes. Subject 1 was 40 years old and was 14 months post injury at the time of the study. He had a T6 incomplete spinal
cord injury classified as a D on the American Spinal Injury Association (ASIA) Impairment Scale and neurological classification
standards. Subject 2 was 48 years old and was 10 months post injury. He had a T8 incomplete spinal cord injury classified as
ASIA C on the American Spinal Injury Association (ASIA) Impairment Scale. Both subjects were able to walk on level ground with
the use of a standard walker or two crutches. Prior to participation in the study, both subjects signed an informed consent form
approved by the institutional ethical committee.
TRAINING PROCEDURE
Both subjects participated in gait training for a maximum of 10 minutes on a motorized treadmill without elevation at a
comfortable self-selected walking speed three days a week for four weeks as an adjunct to their conventional physiotherapy
programmes. Speed was gradually increased from 0.5 m/sec to 3 m/sec according to the patient's ability, while the subjects held
onto the handrail for support. Gait speeds during treadmill training were chosen well below over-ground walking velocities of the
patients to permit for gait corrections and longer training sessions without interruption. The therapist provided the subjects with
verbal cues for taking equal step lengths and for sustaining an upright posture to maintain balance.
The subjects’ conventional physiotherapy included stretching exercises for tight lower extremity musculature such as the
hamstrings, adductors, iliopsoas, and gastrosoleus. Each stretch was performed for three repetitions with a 30-second hold,
followed by a minimum of 30 minutes of standing in the Oswestry frame. Subjects then participated in mat activities including
kneel standing, kneel walking, push ups, bridging, and abdominal curls for 30 minutes.
Subjects also participated in a strengthening programme for upper extremities and balance training. Strengthening exercises for
the upper extremity muscles such as shoulder abductors, adductors, rotators, biceps brachii, and triceps brachii were completed
for 3 sets of 10 repetitions each following the Delorme regimen of progressive resistive exercise (PRE).8 The rest period between
repetitions and sets was 30 seconds and 60 seconds respectively and 5 minutes between exercises. Increases of 10%
resistance were made gradually every week.8
Balance training consisted of task oriented training on a physio ball. While sitting on the physio ball, each subject reached
forward, to the left and to the right, while trying to touch the therapist’s hand. Only when the subject could actually touch the
therapist’s hand were they marked “task completed.” For forward reach, both hands of subjects were extended. For the left and
right side reach, reaching from one side to the other was counted as one repetition. Each task was performed in sets of 5,
consisting of 10 repetitions, with a one minute rest between each set.
OUTCOME MEASURES
The gait parameters, walking capability, and functional independence of the subjects were used as the outcome measures for
this study. Gait parameters assessed included step length, stride length, cadence, and comfortable walking speed (CWS).
Gait parameters were assessed by having each subject ambulate 9.2 m (30 ft) on a paper walkway with ink patches on his
shoes, which left behind a footprint. Gait time for 6.1 m (20 ft) was recorded with a digital stopwatch. The first and last 1.5 m (5 ft)
of the trial was not used because of changes in velocity that occur when a person starts/stops walking. Each subject completed a
practice trial-walk (no ink) followed by a five minute rest period. The subjects then completed the trial with ink.9 Measurements
were taken using a measuring scale and markers. Stride length was measured as the distance between two successive foot
prints of the same foot. Step length was measured as the distance between two successive foot prints, right to left heel and left
to right heel. Cadence was determined by the number of steps taken during the measured gait time and recorded as steps per
minute. CWS, defined as self-selected comfortable cadence, was calculated in centimetres per second as follows: CWS (cm) =
Step length x cadence/60.
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Walking capability was assessed using the Walking Index for Spinal Cord Injury (WISCI II) while functional independence was
measured using the Spinal Cord Independence Measure (SCIM II). Both scales are reliable and valid.10,11 The WISCI II
categorizes a person’s walking capability based on the need for physical assistance and assistive devices and/or braces.12 It is a
20-item scale with a range of 20 in which a score of 0 means the patient is unable to walk and a score of 20 means the patient
can walk with no assistive device, no braces, and no assistance for at least 10 meters.13
The Spinal Cord Independence Measure (SCIM II) is a disability scale used to assess the capacity of the individuals to perform
daily tasks. It consists of 16 individual tasks (items) divided into three subscales (areas of function), as follows: self-care (score
range 0 to 20), respiration and sphincter management (0 to 40), and mobility (0 to 40). Mobility is scored separately for
room/toilet and indoors/outdoors. The total score ranges between 0 and 100, with higher scores meaning that a person is more
independent.11
RESULTS
Both subjects demonstrated improvements in their gait parameters, walking level, and functional independence over the four
week training periods. Table 1 details the outcomes of training for each subject.
Table 1. Comparison of Gait Parameters, Walking Level, and Functional Independence
Variables
Subject 1
Subject 2
Baseline
Week 4
Baseline
Week 4
Step length (cm)
24
42
20
34
Stride length (cm)
54
86
42
70
Cadence (steps/min)
84
106
72
90
CWS (cm/sec)
33.6
74.2
24
51
WISCI
8
19
12
19
SCIM
59
97
44
88
DISCUSSION
These case studies examined the effects of treadmill training on gait and functional independence in two patients with an
incomplete SCI. Gait training on a treadmill following an incomplete SCI helps reorganize the spinal cord connections and uses
the spinal cord’s plasticity and memory to re-learn locomotor pattern.14 Treadmill training also influences the electrophysiological
properties of motor neurons, decreasing the after-hyperpolarization phase which correlates with recovery of locomotion function.
This is most likely a result of the greater ability of the motor neurons to achieve doublet firing providing enough force to achieve
locomotion.15 Previous studies recognize gait training as a promising strategy for enhancing locomotor recovery in adults with an
incomplete SCI.6 The results of this case series also suggest that treadmill training without weight support is feasible and
beneficial for patients with incomplete paraplegia.
Behrman et al. reported that after treadmill training, a subject with a chronic, incomplete SCI, who prior to training ambulated only
short distances within the home using a rolling walker, ambulated full-time using forearm crutches.16 Nooijen et al. demonstrated
significant improvements in cadence, step length, and stride length after locomotor training in individuals with chronic SCI.17 This
is further supported by Field-Fote et al. who reported improved walking speed with both over-ground training and treadmill-based
training in people with chronic motor incomplete SCI.18 However, walking distance improved to a greater extent with over-ground
training.
Conversely, a study by Wirz et al. showed that only 2/20 patients with ASIA C or D grades demonstrated improvements in
walking ability, as determined by WISCI II scores.19 One subject who used 2 crutches before the training series could walk with
only 1 cane after training but still required a leg brace (WISCI II score increased from 12 to 15). Another subject used a single
straight cane before training and did not need an assistive device after 8 weeks of locomotor therapy (WISCI II score change
from 19 to 20). Patients who were non-ambulatory before the study did not regain locomotor ability. However, all patients
improved their walking speed and endurance while being supported on a treadmill.
In previous studies, training duration was reported to be 15 minutes, 20 minutes, or 30 minutes at a frequency of 3 days a week or
5 days a week.4,16,17,20,21 However; we chose a less intensive training protocol consisting of 10 minutes at a frequency of 3 days a
week for 4 weeks because patients received treadmill training without body weight support.
We presented the results of two individual case studies. Without a control group, factors other than the locomotor training such
as age, severity, level, and chronicity of injury may have contributed to the outcomes and affected the recovery of locomotion.
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Therefore, investigating the influence of these factors on the outcomes of locomotor training is certainly warranted via controlled,
experimental studies. To our knowledge, this is the only published case study of locomotor training on a treadmill in which body
weight support is not provided. Therefore, direct comparisons must be made in individuals with chronic SCI before definitive
conclusions can be reached.
CONCLUSIONS
In these 2 case studies, gait training on a treadmill improved the ambulation ability and functional independence in individuals
with incomplete SCI. Further research is needed to improve the generalizability of these findings and to identify which patients
might benefit most from treadmill training.
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